Peer review meetings (PRMs) are formal meetings during which peers systematically analyze artifacts to improve their quality and report on non-conformities. This paper presents an approach based on protocol analysis for quantifying the influence of participant roles during PRMs. Three views are used to characterize the seven defined participant roles. The project view defines three roles supervisor, procedure expert and developer. The meeting view defines two roles: author and reviewer, and the task view defines the roles reflecting direct and indirect interest in the artifact under review. The analysis, based on log-linear modeling, shows that review activities have different patterns, depending on their focus: form or content. The influence of each role is analyzed with respect to this focus. Interpretation of the quantitative data leads to the suggestion that PRMs could be improved by creating three different types of reviews, each of which collects together specific roles: form review, cognitive synchronization review and content review.
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PRMs is to improve: the cost-benefit ratio, and the factors responsible for the increase in benefits or the reduction in costs have to be identified.
Participants in a PRM may know that roles are influential. It is often observed that some participants are better than others at leading a team meeting. It is also suspected that participants' places in the hierarchy are somehow related to the amount of talking they do.
These are both general qualitative observations about what is really going on. To obtain quantitative data on meeting activities finer measurements are needed. Of course, there is an inherent difficulty in setting up an experiment: the participants will be aware of the roles they are playing. Another approach is to observe the PRMsthat are held during a real software development project. In such a case, fewer parameters are under control but the data are from real-life meetings. At the same time, the data from such a case study must be treated with caution, since such a study is a specific set-up. Nevertheless, it could serve to illustrate the benefit of using quantitative data and provide some support for the qualitative interpretation of roles. More and specific case studies are needed, however, before generalized models can be proposed. The analysis presented in this paper is a first step towards quantitative analysis of the PRM.
This paper presents an approach to the study of the PRM based on protocol analysis in which the collaborative activities involved in reviewing a technical document are measured. The basis for this approach is to obtain quantitative data, which enables modeling of the roles and factors that influence the PRM. The working hypothesis is that the influence of roles in a PRM can be quantitatively measured and modeled. Generalization of the model is beyond the scope of this paperbecause the data are based on this particular case study.
Case-Study Setting
This case study is taken from a real software development project to develop a business process simulator based on Petri Nets. The project required four full-time software engineers and lasted one year. The case study is based on the first nineteen weeks of the project, the period needed to build the beta version of the product. The project team used a defined and documented software engineering process estimated to be at a Software Engineering Institute Capability Maturity 4 Model process level 2 (Paulk, 1993 ). An object-oriented paradigm was used throughout the development process. Attendance at PRMs was mandatory and the meetings were required to be held before each artifact composing a milestone was accepted. The results presented in this paper are based on the observation and analysis of seven representative meetings out of the fifteen that were recorded. These seven meetings were chosen both for their commonality -same participants, similar development activities and reviewed solutions, and their differences -the meetings were held at different times in the project lifecycle (two at the start of the project, three in the middle and two at the end).
Peer review process
This study focuses on PRMs held following each design activity of the development process.
Acceptance of the artifact at the end of the meeting was a necessary condition of going on to the next step, which is coding. Most of the design activities were performed individually, although some cooperative design was needed from time to time. The resulting design documents were composed of literal descriptions (natural language), algorithms and formal OO notations.
All four team members participated in the observed PRMs. The author of the artifact was to distribute it long enough in advance so that everyone could read it before the start of the PRM.
The pace of the meeting was dictated by the time spent on the various sections of the document.
A meeting ended on a decision as to the general acceptability of the document.
Definition of participant roles.
A PRM's main objective is to facilitate the peer validation of a document. It is assumed that participant interplays exist and that one individual's action influences another's. Each individual plays a role during the meeting. Table 1 summarizes and compares various meeting roles found in the literature. A document producer, whose role is well recognized, is the author of the document. In collaborative work, the producer represents the team. The role of the moderator is to manage, or lead, the meeting. It is the secretary's role to record the minutes of the meeting, the anomalies found and the action to be taken. The main role of the participants is to review the document, and so any of them can assume the role of reviewer. This role may also be referred to as inspector or specialist. These role definitions consider only the viewpoint of the reviewing process. However, interactions during a meeting involve roles that are played at various levels within the organization and the project. In a small team environment, the same individual can play many roles, depending on the viewpoint. Some roles do not depend on the activity currently being performed by the individual; for example, the role of project manager is the same for the entire project. Other roles are activity-sensitive and are defined by the current one; for example, an individual is assigned the role of moderator for a given meeting. In other cases, the role depends on the subject being discussed. For example, when real estate agents are talking about a house, their roles are likely to be different than if they are talking sellers or buyers. The roles in this case study are defined in Table 2 . (d'Astous, 1999) . 
Research Approach
The methods used in this analysis are both quantitative and qualitative. This approach is called "Exploratory Sequential Data Analysis" (ESDA) (Sanderson 1994) . It is 7 applicable to the analysis of systems, environments or behavioral data whose sequential integrity has been preserved. In this section the terminology used in this paper is briefly reviewed (Edmonson, 1981) . A sequence is a series of successive moves that deals with a common subject. This paper reports on the analysis of 127 sequences, where the sections of the document under review define the subjects.
A move, which is the contribution of a single speaker to a given sequence, is described by four components:
ID/ACTIVITY/SUBJECT/ATTRIBUTE 1. ID: identifies the move (speaker and rank in the conversation), 2. ACTIVITY: identifies the action intended by the speaker, 3. SUBJECT: defines the entity on which the activity (characteristic 2) is performed, 4. ATTRIBUTE: (optional) complements the entity with respect to the form or the content (characteristic 3).
The number of activities is limited by the very nature of the review meeting (Robillard, 1998A) . Table 3 defines a limited set of activities for the review sequence moves. Attributes are useful in further describing a given move. There are form attributes and content attributes. Form attributes, which are derived from in-house software engineering guidelines, are used when participants discuss the format of an artifact. Content attributes, which are based on standard ISO 9126, are used when participants discuss the technical aspects of the artifact.
Figure 2 provides a sample coding of some moves. In the first column is the Identification (ID), which is composed of the speaker identification and the relative time sequence of the move. In the second column is the coded activity, where each move is characterized by one of the activities listed in Table 3 . In the third column is the subject, which is the introduction sequence that is linked to a section of the artifact. In the fourth column is the attribute of the subject, which can be either content or form, depending on the coded move. The next three columns are related to each role level of the speaker, as defined in Table 2 . The last column is the order of the sequence. measures of association, thus allowing researchers to discover the underlying contributions among variables in a multivariate setting (Reynolds, 1977) . Many Web sites provide an overview of this approach (see, for example, LLM-WWW).
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Results
A model built from the analysis of empirical data and validated using LLM is used to identify the factors that influence move occurrences. Results presented in this section were therefore obtained by means of a model derived from empirical values.
Model construction
Model construction requires that all possible relationships among variables (in our case, they are all two-and three-way relationships) be tested for their contribution to the model's fit. Threeway relationship among A B and C implies the three pair-wise relationships among AB, AC and BC.
A model is constructed by adding relationships and measuring its fit with the observed data. A model's fit is measured using the χ 2 statistic. The model used to generate the results was constructed using the three-way relationships identified in The quality of the model fit is shown in the scatter diagram in Figure 4 . This graph shows expected frequencies using a hypothesis of equal likelihood among the eight outcomes with respect to observed frequencies. A perfectly adjusted model would have all its points located on the segment. Finally, χ 2 is computed using the Likelihood Ratio test. The model used in this analysis yielded a value of 26.4, which is 99% significant for a model with 55 degrees of freedom. The number of degrees of freedom is the total number of variables minus one. There are 8 dependent variables, which are the 6 move activities plus the 2 subject attributes, and there are 7 independent variables, which are the 2 meeting and task variables and the 3 project variables.
Figure 4 Scatter diagram of expected or theoretical frequencies vs observed frequencies

Data analysis
A model such as the one built for this study enables a deeper analysis of phenomena found in PRMs. The meeting roles (author vs reviewer) seem to have an impact on the discussions. Figure 5 shows the significant cleavage created by these roles in the discussions of form and content.
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Figure 5 Relative frequency of occurrence of moves
The front row represents the relative number of moves related to content for each activity, while the back row represents the relative number of moves related to form. The first column in the first row (left-front column) shows that almost 20% of the moves related to content stem from EVAL activities. The lower part of this column shows that almost 5% of these moves come from the author and the rest from the reviewers. The relative contribution of the author to a form discussion is small (only 15%), as shown by the sum of the lower part of the back row columns, while the author's contribution climbs to 35% when the discussion is related to content.
A detailed analysis of the move activity can highlight certain behaviors. Moves for the justification activity show three unique patterns. First, the total relative number of justification moves is around 10%, whether for a form or a content attribute; second, it is the only activity wherein the author and reviewers have an equivalent (50%) number of moves; and third, this ratio is similar, whether for a form or a content attribute.
It is observed that the author is involved very little in form move activities (back row). It is also observed that almost 70% of all form moves concern evaluation and development activities (1984), in which he states that during small group meetings the most frequent initiator of conversations will initiate 40% to 45% of all moves. Herbsleb et al. (1994) , in their study of object-oriented design meetings, also mention that the participation pattern of the chief architect (roughly equivalent to the project supervisor) is consistent with McGrath's findings. Thus, the project supervisor's role in the document review process may have quite a strong influence. The personality of the participants was not considered in this study. Figure 8 presents the moves associated with the project roles as they relate to the task roles. The purpose is to see if the task roles have any influence on the project roles. The first column shows that the supervisor is responsible for almost 30% of all the moves concerning an artifact with which he is directly involved. In this project, the supervisor was also responsible for developing some software. It appears that the project supervisor and the procedure expert participate relatively more in discussions related to a documentthat has an indirect relationship with their own individual tasks. This behavior is expected since the same individuals assume these two roles for the project duration. However, it is interesting to observe that developers are three time less active when the artifacts are not related directly to their own work.
Discussion
Most technical review meeting approaches define basic roles, such as the author and the reviewers. Fagan (1976) went further by defining more meeting responsibilities (reader, moderator, etc.) for participants. Results in this paper show that there are other factors that may influence the progress of technical review meetings.
Participant involvement in a PRM seems to be influenced by the roles played within the development team. This case study outlines two activities (or meta-activities) for the review artifact. The first activity, the form review, is expeditious and characterized by the evaluation and development of simple alternatives that do not require lengthy discussion. According to our study form reviews are implicitly accepted most of the time by the author of the document. The second activity, content review, is for the most part a cognitive synchronization (Falzon, 1996) activity (information and hypothesis), wherein participants adjust their own views to those of others. Document content is seldom reviewed without prior consensus on the meaning of this content.
Form and content are not reviewed in the same way. Form review is quick, and performed as stipulated in the literature, whereas for content review a PRM would seem to be an opportunity for all participants to synchronize their views and move towards the common goal. While both form review and content review are necessary, they may not have to be performed during the same meeting. Form review could be conducted outside the PRM itself by a single individual (procedure expert), for example, who would submit changes to the author. Once form review has been completed, the team could then meet to revise the technical content of the document.
Review, as a cooperative decision-making activity (Fisher, 1974) or a direct interest in the artifact being reviewed, either as author or as interested user of the information described in the artifact.
Following the idea of Seaman and Basili (1998) , it may be claimed that the organizational structure itself influences the nature of communications occurring in PRMs. Our results show that three views seem to influence these communications:
1. Meeting view: The literature describes two principal roles which are active during a PRM: those of author and reviewer. This study shows quantitatively that other roles, such as those of supervisor and procedure expert, may have a major impact on meeting outcomes.
Project view:
This study shows that individual project responsibilities may influence participant moves. An efficient PRM should involve the appropriate participants, and these participants should be selected according to their project roles.
Task view:
The suitable number of participants taking part in a PRM is still being debated in the literature. This study shows that it is less a matter of the number of participants than of selecting the appropriate participants. Participants with a direct interest in the artifact being reviewed are the ones who will be the most active during the review process. This direct interest could be evaluated by the level of the relationship that exists between their own work or task and the artifact being reviewed.
Conclusion
The PRM is becoming a key practice in the software development process, and PRM efficiency could be easily measured by recording the anomaly detection rate. However, this study shows that the efficiency of a PRM is also affected by the roles of the participants. In fact, quantitative data show that the detection of anomalies related to form is a minor activity, which does not require a PRM, but could be performed by a single procedural expert. A major part of the PRM is spent in providing information and formulating a hypothesis, that is, cognitive synchronization.
A PRM should have at least two participants, who are the author of the artifact and the project supervisor. These two participants represent the minimum resources needed for a PRM. The author provides a detailed understanding of the artifact, and the supervisor a comprehensive view of the project and an understanding of how the artifact content fits into the project. All other team members who have a direct relationship with the document under review may complement this duo. There are advantages to having other team members who are directly impacted attend the meeting: they are likely to contribute alternative solutions, and, more important, all the participants will improve their understanding of the project by synchronizing their views. While increasing the number of participants is likely to improve the quality of the review, it will also increase the cost in terms of the resources participating in the meeting.
The quantitative data provided by this case study provide some insight into the activities carried on during a PRM. In view of the results presented in this paper, a three-level structure could be proposed for PRM meeting. At level one would be form review, which is performed by the procedure expert alone. (The author does not need to participate in the form review, since our data show that this individual reacts very little to comments about form.)
At second review level would be characterized by cognitive synchronization. At this level, every team member interested in the artifact will participate in the meeting. The author and the project supervisor will conduct a walkthrough of the artifact to provide information and to discuss hypotheses related to the content of the artifact.
The third and last meeting would be a defect detection meeting. Ideally, there would be no form discussion and very little cognitive synchronization, since all participants will have attended the level-two meeting. This meeting could take place with a much smaller number of participants than required at the previous level. At a minimum, this meeting would include the author and the supervisor.
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